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We, The British Thomson-Houston 
Company Limited, a British Company having 
its registered office at Crown House, Aldwych, 
London, W.C2, do hereby declare the inven- 
%> tion, for which we pray that a patent may be 
granted to uS, and the method by which it is 
to be performed, to be particularly described 

in and by the following statement: 

Tnis invention relates to dynamoelectric 
10 machines and, more particularly, to dynamo- 
electric machines for converting direct current 
to alternating current. 

Many applications exist for which machines 
are needed to convert electrical energy from 
variable-voltage direct current to alternating 
current having constant voltage and frequency. 
For example, in railway cars where the only 
power supply available is a bank of storage 
batteries charged by an axle-driven direct 
current generator, fluorescent lamps and alter- 
nating current motors for driving refrigeration 
compressors and other apparatus require a 
constant voltage and frequency alternating 
current. The conversion from direct to alter- 
& nating current is often made by a motor- 
generator set in which a direct current motor 
is direct-connected to drive an alternating 
current generator. Since the voltage of the 
axle-driven generator varies appreciably with 
the speed of the car, unless special regulating 
means are provided, the speed of the direct 
current motor will also vary appreciably and 
cause undesirable fluctuations in both the 
voltage and frequency of the output of the 
alternating current generator. Moreover, addi- 
tional regulation must be provided so that the 
fluctuations of the direct current supply do not 
cause appreciable current fluctuation in the 
field exciting windings of the generator. 
Similar regulation problems are encountered in 
certain shipboard direct current to alternating 
current motor-generator sets. 

It is an object, therefore, of this invention 
to provide a dynamoelectric machine for con- 
45 verting variable voltage direct current to alter- 
nating current having constant voltage and 
constant frequency. 
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A dynamoelectric machine according to the 
present invention comprises a direct current 
motor, having an armature and a field exciting *q 
winding adapted to drive an alternating current 
generator having a first field exciting winding 
and a second field exciting winding and a non- 
linear resistance having a negative voltage 
resistance xharaaeristic, the first generator field 66 
winding being energised in accordance with 
the motor armature current and the motor field 
winding being connected in series with two 
paralleled circuits, one of which includes the 
second generator field winding while the other 60 
includes the non-linear resistor. 

A specific embodiment of the invention will 
now be described with reference to the accom- 
panying drawing, which is a schematic diagram 
of a circuit embodying this invention for excit- 65 
ing and regulating two direct-coupled dynamo- 
electric machines. 

Referring to the drawing, a direct current 
motor 1 is mechanically coupled to drive an 
alternating current generator 2. Motor 1 has *n 
a mam field exciting winding 3 and a light 
cumulative field exciting winding 4. By cumu- 
lative it is meant that when windings 3 and 4 
are excited, winding 4 aids winding 3 in 
producing magnetic field flux. Winding 4 is 7* 
employed primarily to obtain good starting 
characteristics for motor 1 and is not essential 
to the invention. If the starting characteristics 
of motor 1 are not very important to the 
application in which the motor generator set Rn 
is to be used, winding 4 may be omitted. 
Generator 2 also has a main field winding 5 
and a cumulative field exciting winding 6. 

Winding 6 and winding 4, if it is used, are 
serially connected with the armature of motor 05 
1 across a source 7 of variable voltage direct 
current power. Windings 3 and 5 are also 
connected to be energized from source 7. 
Winding 5 is connected in series circuit with 
a linear resistor g to comprise one branch of 90 
a parallel circuit, the other branch of which 
includes a linear resistor 9 and a non-linear 
resistor 10. By linear resistor, it is meant an 
ordinary resistor whose resistance remains con- 
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- -■ stant no matter what voltage is applied across 
it. Non-linear resistor 10, however, has a 
negative voltage-resistance characteristic which 
will be more fully described hereinafter. The 

5 parallel circuit including winding 5, resistors 8 
and 9, and non-linear resistor 10 is connected 
serially with motor field winding 3 and a linear 
resistor 11 across power supply 7. An alter- 
nating current load 12 is connected to be ener- 

10 gized from generator 2. 

As mentioned above, non-linear resistor 10 
has a negative voltage resistance characteristic. 
By negative voltage resistance characteristic,- it 
is meant that resistor 10 has the property of 

15 reducing its resistance with an increase in 
voltage applied thereto. While this invention is 
not limited to any particular type of negative 
voltage-resistance characteristic resistance 
■ device, at present the preferred non-linear 

20 resistor is one constructed of the special ceramic 

resistance material, commonly known by 
Registered Trade Mark as '"Thyrite/' disclosed 
in Specification No. 292,110. This material 
has the property of substantially "and instan- 
25 taneously reducing its electrical resistance with 
increases in voltage across it. 

In operation, the field excitations of motor 
1 and generator 2 are automatically regulated 
so that generator 2 produces an essentially 
3Q constant voltage, constant frequency, alternat- 
ing current output under wide variations of the 
voltage of source 7 and of the demand of load 
12. It has been found that the best results are 
obtained when generator 2 is designed with a 

36 high degree of saturation and motor 1 with a 
low degree. Assuming the voltage of source 7 
to be at a given value and that the circuits 
involving windings 3 and 4 are adjusted so 
that the speed of motor 1 and thus the fre- 

40 quency of generator 2 is at a desired value, 
and further assuming that the circuits involv- 
ing windings 5 and 6 are adjusted so that the 
output voltage of generator 2 is of the desired 
magnitude, the frequency and output voltage 

45 of generator 2 are maintained constant by the 
following action of the circuit. 

If the voltage of source 7 should rise, motor 
1 would normally have a tendency to increase 
its speed, since in any direct current motor of 

50 normal design, an increase in the total exciting 
ampere turns merely proportional to the supply 
voltage is not sufficient to maintain motor 
speed unchanged, due to saturation effects and 
the fact that armature IR drop is not negligible. 

55 However, as the applied voltage rises, the volt- 
age across non-linear resistor 10 increases. This 
causes the resistance of resistor 10 to drop and 
results in an increased current flow through 
winding 3 over that which would flow if 

60 resistor 10 were a linear resistor. The increase 
in field excitation caused by the increased 
current through winding 3 is more than pro- 
portional to the increase in voltage across the 
armature of motor 1. Motor 1, therefore, does 

65 not speed up but continues to run at the 



normal given speed. 

Since in direct current circuits, power equals 
voltage times current and the power demanded 
by load 12 is unchanged if the output fre- 
quency and voltage remain the same, the steady 70 
state armature current of motor 1 and, thus, 
die current in winding 4, if used, decreases as 
applied voltage increases Although the de- 
crease in armature current results in a smaller 
field excitation from winding 4, the increase 75 
in field excitation from winding 3 compensates 
for this as well as for the increase in armature 
"vol rage. 

Not only the speed of motor 1 remains 
essentially constant on a rise in the voltage of 80 
source 7; the output voltage of generator 2 also 
remains constant. The percentage of the 
current through winding 3 also 11 owing through 
winding 5 decreases due to the decreased 
resistance of resistor 10. However, , the current 86 
through winding 3 increases sufficiently, be- 
cause of both the increased supply voltage and 
the drop in resistance of resistor 10, that the 
actual current through winding 5 may also 
increase. In other words, the increase in actual 90 
current through winding 3 overbalances the 
drop in the percentage thereof flowing through 
winding 5 so that the actual current in winding 
5 tends to increase. The resultant increase in 
the field strength of winding 5 tends to result 95 
in an overall increased field strength for 
generator 2. That tendency, however, is 
opposed by a decrease in the field strength 
from winding 6, due to the previously men- 
tioned decrease in motor armature current 100 
through winding 6. The increase in excitation 
from winding 5 counterbalances the decrease 
in excitation from winding 6 so that the over- 
all field excitation, and, thus the output voltage 
of generator 2, remains essentially constant. WO 

If the voltage of source 7 shouid fall, the 
reverse procedure of what is described above 
occurs. Motor 1 normally would have a ten- 
dency to decrease in speed. The decrease in 
applied voltage, however, causes non-finearllO 
resistance 10 to increase its resistance so that 
the decrease in current flowing through wind- 
ing 3 is more than proportional to the decrease 
inapplied voltage. The accompanying dispro- 
portionate decrease in field excitation allows 1 15 
motor 1 to maintain speed at the given value 
rather than to decrease therefrom. Since with 
the same power output, the motor armature 
current, and thus the current through winding 
4, if used, increases slightly, winding 3 also 120 
counteracts the resultant increase of field ex- 
citation from winding 4. 

The output voltage of generator 2 also 
remains constant upon a decrease in voltage 
of source 7. The percentage of the current 125 
through winding 3 also flowing through wind- 
ing 5 increases, due to the increased resistance 
of resistor 10. However, the decrease in cur- 
rent in winding 3 tends to cause a decrease in 
the actual current through winding 5. The 130 
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decreased field excitation from winding 5 isjf 
counteracted by an increased field excitation* 
from winding 6, due to the increase in anna-.' 
ture current described above, so that the 
5 amplitude of the output voltage of generator 
2 remains essentially constant. ** | 
The output voltage and frequency of 
generator 2 likewise remain constant under 
fluctuations of the demand from load 12. The 
1( > output voltage of generator 2 is held constant 
upon an increase in load by the action of 
winding 6 in adding to the field provided by 
winding 5, as is well known in the art. Since 
winding 6 is in the armature circuit of motor 
15 1 and changes in load are reflected by the 
armature current of motor 1, the load changes 
cause corresponding changes in the field exci- 
tation of winding 6. These changes in field 
excitation of winding 6 balance the effect that 
the various load currents of generator 2 have 
in weakening the field therein and so main- 
tain a constant output voltage from generator 

If motor 1 is properly designed with a low 
degree of saturation, load fluctuations do not 
cause objectional variations in motor speed 
and consequently in output frequency. When 
winding 4 is employed, the proper speed 
regulation may be obtained by shifting the 
motor brushes slightly once the motor has come 
up to speed. 

Linear resistors 8, 9 and 11 are placed in 
the circuit so that various adjustments of 
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frequency and of voltage may be obtained. In 
applications where only one output voltage at 35 
a single frequency is desired, the linear 
resistors can be omitted completely by proper 
design of windings 3 and 5 in association with 
non-linear resistor 10. 

While what has been described is at present 40 
considered to be the preferred embodiment of 
this invention, it will be obvious to those 
skilled in the art that various changes and 
modifications may be made therein without 
departing from the invention. 45 

What we claim is: — 

1- A dynamoelectric machine, comprising a 
direct current motor, having an armature and 
a field exciting winding adapted to drive an 
alternating current generator having a first field 511 
exciting winding and a second field exciting 
winding, and a non-linear resistance having a 
negative voltage resistance characteristic, the 
first generator field winding being energised in 
accordance with the motor armature current 55 
and the motor field winding being connected in 
series with two paralleled circuits, one of 
which includes the second generator field 
winding while the other includes the non-linear 
resistor. 

2. A dynamoelectric machine substantially 
as described with reference to and as shown in 
the accompanying drawing. 

J. W. RIDDING, 
162, Shaftesbury Avenue, London, W.C.2, 
Agent for the Applicants. 
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' M±t ' S Tftfc drawing is a reproduction of 
the Original on a reduced scale. 
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